As Aristotle already knew, the elephant has no gall bladder.-Instead, in the duodenum of this animal Camper (1374, 1802) found a large intramural pouch which connects with the bile and pancreatic ducts on the one hand and, on the other, opens into the duodenal canal with a big papilla. A brief macroscopic description of this pouch was later made by Owen (1868) and by M i a 11 and G r e e nw ood (1878).
Several years ago we had an opportunity to dissect a female Indian elephant (S h i m i z u et al. 1960 ) and the macro-as well as microscopic structure of the duodenal pouch was cixamined. The interior of the pouch was equipped with large 'folds which were covered with a thick layer of tubulo-alveolar glands. It was thus concluded that the organ represented not only a cavity to pool the bile and pancreatic juices as hitherto believed, but also a gland of active secretion.
Our findings on the position of the sphincter muscles of the pouch differed considerably from that of previous authors. Owen (1868) and M i a 11 and Greenwood (1878) recognized a sphincter: in the duodenal papilla, while we found one at the pouring site of the pancreatic duct and another at that of the bile duct ; the papilla was supplied with no sphincter muscle. Furthermore a problem remained, as we found no accessory pancreatic duct in spite of the existence of an accessory papilla. These problems seemed to be 281 settled only through observation of further cases. Microscopic observation of the pouch, performed in the above mentioned work of ours for the first time, was partly unsatisfactory because of considerable postmortal changes in the tissues.
For instance, we could not decide whether the glands in the pouch were mucous or serous.
In the course of the following six years we could examine the organ in question in five more cases of the Indian elephant, some of which were preserved in good histological condition.
In the present report we would like to sum up our findings thus obtained in all six animals. Discussion will also be made on the comparative as well as functional anatomy of the duodenal pouch.
Material and Methods
The animals used in this work were 3 young and 3 infant female Indian elephants, the detailed data of which are shown in Table 1 . In four cases organs in situ were observed, carefully and then were cut out to be dipped in 10% formalin for further detailed dissection. In two cases (Case 2 and 3), however, only the fixed organs, i. e. the pouch and its associated structures, were provided for our use. (Fig. 1) .
The pouch lies in the cranial wall of the duodenum (75 cm anal to the pylorus in Case 1 and 60 cm in Case 2). It is hidden intramurally but easily noticeable from outside by the ovoid elevation of the surface.
The long axis (9 cm in Case 1) of the pouch is laid obliquely from the dorso-oral to ventro-anal direction.
The dimensions of the pouch in every case are shown in Table 2 . Table 2 . Dimensions of the duodenal pouch and papillae duodeni, In its dorso-oral end the pouch is connected with the bile and pancreatic ducts. The bile duct (5 cm long and 2 cm thick in Case 1), deriving from between the right and left central lobes of the liver, near the caudal margin of the organ, reaches the pouch on the oral side of the pancreatic duct. It has a very thick and hard wall with a massive smooth muscle layer whose fibres run mainly circularly.
The pancreatic duct (8 mm thick in Case 1), on the contrary, has a thin and elastic wall.
2. View from the duodenal interior (Fig. 2) .
Seen from the interior of the duodenum, the intramural pouch scarcely makes an elevation on the mucous surface, except for its ventro-anal end which forms a large cone-like papilla duodeni. The orifice of the pouch opens at the top of the cone. Note the big duodenal papilla (below left) and the small accessory papilla (upper right). Case 1; x 2/3. Not far from this papilla, dorso-anal to it, one finds the second or accessory papilla which, though smaller, is similar in shape to the former.
The dimensions of both papillae are shown in'T , Table 2 .
3. Observations on the pouch cut in sections (Fig. 3, 4) . Beneath the covering of the serous membrane of the duodenum the pouch has well-developed musculature which can be divided into 4 layers.
From outside inwards, there are two oblique"muscle layers, The pouch is dissected out from the wall of the duodenum.
The inside of the pouch is rich in large folds which run mainly circularly and incompletely separate the interior into many compartments.
One of the folds is inserted with its tip into the orifice of the pouch (Fig. 2, 3) . Each fold consists of a muscular plate extending inwards from the innermost layer of the pouch musculature and of a soft white glandular mass covering it. The lumen of the pouch is filled with yellowish (greenish in formalin fixed specimen) mucous fluid.
4. Dissection of the muscular layers of the pouch (Fig. 5, 6 ).
The relations between the four muscle layers described above are treated here in more detail, based mainly upon our findings in Case 2, the musculature of which was dissected layer by layer. 1) The first or outermost layer is nothing but the longitudinal muscle fibres of the duodenum running over the swelling of the pouch, obliquely to its axis. At the juncture with the bile duct a few of the fibres turn to join its longitudinal muscle ( Fig. 5-1 ).
2) The fibers of the second muscle layer are the continuation of the circular musculature of the duodenum, except for a very small part of the fibers bending at the ventral margin of the pouch to flow into the longitudinal muscular layer of the duodenum (Fig. 5-2 ).
3) The third layer is the ring musculature proper to the pouch. In the dorsal curvature the muscle fibres are continuous with the circular musculature of the duodenum, while in the ventral, curvature they run deep into the floor of the pouch to circumscribe it completely, except for a few of them which curve along the ventral curvature to join the circular musculature of tha duodenum. The sphincters of the pancreatic and bile ducts, which belong to this muscle layer, are not so conspicuously shown in this way of dissection as in observation of sections (Fig. 5-3, 5-4) .
4) The innermost layer comprises the fibres which are extensions of the longitudinal fibres of the bile and pancreatic ducts. It runs longitudinally through the pouch wall down to the duodenal papilla, extending in its course thin processes or branches into each fold of the •pouch. Some of the fibres of this layer diverge to join the third or circular layer (Fig. 5-5 ).
5. Microscopic observation of the pouch (Fig. 7) . 1) Mucosa : The thick lamina propria is filled with well-developed tubulo-alveolar glands. The upper 3/4 to 4/5 of each gland corresponds to the tubular part, the cells of which are cylindrical and mingled with some goblet cells. The remaining alveolar part of the gland comprises cells with round nuclei shifted far to the basal part of the cell. The cytoplasm of these cells is strongly stained with aldehyde-fuchsin and intensely positive in PAS reaction. These mucous glands of the pouch resemble very closely those of the duodenum and it is difficult .to discriminate between them. Furthermore, the walls of the bile and pancreatic ducts contain similar glands, though they are much less developed.
In the loose connective tissue between the glands, small aggregations of lymphocytes are recognized here and there.
2) Submucosa : The lamina muscularis mucosae is lacking. In the narrow space between the bottom of the gland and the muscular layer, one can find groups of nerve cells which may correspond to the ganglia of Meissner.
3) Muscular layer : The layer of smooth musculature of the pouch is considerably thick. The muscle fibres, branching from this layer, proceed into the folds of the pouch, thus forming the septa of the glands.
The connective tissue among the muscle fibres is rich in blood vessels and nerves Aggregations of nerve cells which may corres- pond to the ganglia of Auerbach are recognized' here and there.
The muscular layer is covered by a thin tunica subserosa and by the tunica serosa or peritoneum.
The floor or intestinal side of the pouch is continuous with the fascia-like submucosal connective tissue of the duodenum which is rich in blood vessels, nerves and ganglia.
6. Accessory papilla and accessory pancrea:ic duct (Fig. 2, 8) .
In the accessory papilla of the duodenum there is a small space rich in folds. The microscopic structure of this space is similar to that of the main pouch described above. Although no accessory pancreatic duct was found in the first case (cf. Introduction), we could recognize it in all other cases in connection with the accessory papilla. In various mammals, including man, the terminal portion of the bile duct is ampullated and a greater or lesser amount of glandular structure which is mainly mucous is gathered here. The enzymatic activity of the mucosa is reported to be higher in this portion than in the neighboring parts (M c Minn and Kugler 1961, Co he 11 1964).
The duodenal pouch of the elephant as described in this work is believed to be a highly differentiated form of this ampullated portion. Corresponding structures, though not so conspicuous as in the elephant, are known in some other animals which have no gall bladder.
The horse, perhaps the most famous animal without a gall bladder, has a cyst in the duodenal wall connected with the bile and pancreatic ducts.
However, this structure is far less differentiated than the pouch of the elephant and scarcely represents a comparable form.
The giraffe is known since 0 w e n (1868) to be lacking in a gall bladder " in normal condition " (cf. W e JD e r 1904, Si w e 1937). However, the report of A n d o (1939) and the recent observation of K o b a r a and Ka m i y a (1965) have revealed that there are at least cases which have a well-developed gall bladder. The latter authors have shown that even in those cases a duodenal pouch comparable with that of the horse does exist, which may represent an exception to our rule of alternative occurrence of the gall bladder and of the duodenal pouch.
In the cetacea, another group of animals without gall bladder, K a m i y a (1962) found a duodenal pouch more conspicuous than that of the horse or giraffe, connected with the bile and pancreatic ducts.
It is an elongated sac rich in mucous glands and enclosed either in the tela submucosa (whalebone whales) or in the circular muscle layer of the duodenum (toothed whales).
It is not only in its bigger size that the pouch of the elephant represents a still more differentiated form than that of the cetacea, but also in the following : 1) the musculature of the pouch of the elephant is arranged in four layers, two of which are so specialized as to belong properly to the pouch ; 2) special sphincter muscles are formed ; and 3) large folds are developed in the interior of the pouch.
Functional anatomy of the pouch.
On the basis of the findings of this work it is most likely that in the elephant, the extrusion, of the content of the duodenal pouchbile and pancreatic juices together with the mucous product of the pouch itself-is controlled in an exceedingly delicate way in accordance with digestive needs. The elaborate arrangement of muscular layers supports this view. The small muscle connections between different layers may play the role of a conducting system in the contraction of the pouch wall. When the pouch is not in contraction, the fold inserted into the orifice of the papilla may work as a plug.
When the pouch contracts, the muscle in the fold must also be called into contraction. The plug must thus be retracted from the orifice in order to allow the content to flow out. When the pouch contracts the sphincters .at the openings of the bile and pancreatic ducts are believed to con--tract simultaneously , so that the content of the pouch can not flow -b ackward into the ducts. Thus the structure of the pouch seems quite well accounted for by this explanation of its possible function.
-3. The accessory pancreatic duct and duodenal papilla.
The reports of previous authors indicate that the Indian elephant -possesses both main and accessory pancreatic ducts while the African possesses the former only (cf. Eales 1929). In the six Indian elephants examined in the present study, the accessory duct connected with the accessory papilla duodeni was recognized in all cases except the -first one , in which as is written in the Introduction, the duct in question was not found in spite of the existence of a well-formed accessory papilla.
As the whole duct-system within the pancreas was dissected out with great care, there seems to remain no possibility that we overlooked the accessory duct in this first case. It seems unlikely, on the other hand, that a duodenal papilla can 'develop without the formation of a duct connected with it, and therefore we are inclined to suppose that, in this case, the accessory -duct may possibly have undergone a secondary disappearance, leaving its papilla which continued to develop as a mucous pouch.
Summary
In six cases of the Indian elephant the duodenal pouch was examined macro-and microscopically. This ovoid organ buried in the wall of the duodenum is connected with the bile and pancreatic The Intramural Pouch in the Duodenum of the Indian Elephant 293 ducts on the one hand and opens into the duodenal canal with a big cone-like papilla on the other.
The interior of the pouch rich in folds is supplied with a large number of mucous glands. The well developed musculature of the pouch consists of four layers, each of which is connected with the other by a thin muscle bundle (conducting system). At the connection of both the bile and pancreatic ducts with the pouch a strong • sphincter is developed, which presumably prevents the reflux of the content of the pouch during its contraction.
The intramural pouch in the duodenum of this animal lacking in a gall bladder seems to represent a highly specialized form of the hepatopancreatic ampullation known in various kinds of mammals. 
